HPV is one of the major risk factors of cervical cancer and precancerous changes. Infection with its oncogenic types determines a faster progress of pre-cancer changes. Women infected with oncogenic HPV types or multiple HPV infection must be under careful observation of a gynaecologist. The aim of this article is to identify infection of women who have various cytological changes in the cervix with the HPV and its genotypes by means of molecular methods.
INTRODUCTION
The human papillomavirus (HPV) is a group of viruses that have double helix ring DNA, which can infect the skin, the larynx, the oesophagus, and the genitals (Tewari et al., 2000) . All in all, about 120 different HPV genotypes are known (Hausen, 2000) . More than 40 HPV genotypes infect the sphere of the genitals. Clinical symptoms of HPV infection and the nature of the disease depend on the virus type (or genotype). According to the oncogenical nature, HPVs are divided into low (HVP 6, 11, 42, 43, 44) and high (HVP 16, 18, 31, 33, 35, 39, 45, 50, 51, 53, 55, 56 , and others) cancer risk (oncogenic) types of viruses. High-risk HPV is a major and necessary factor in the development of HPV-related cervical cancer and cancer of other organs, whereas low-risk types encourage genital warts and different skin damages. Most often 16, 18, 31, , women infected with HPV run a 42 times higher risk of contracting cervical cancer than the women who are not infected with HPV. The risk increases even more if a woman is infected with high cancer risk types (HVP 16, 18, 45) . It is important to note that a part of diseases caused by HPV is related to low-risk types 6 and 11. These types cause malignant changes, however, they are associated not only with different changes of the uterus cervix or genital warts the incidence of which totals about a million new cases every year but also with changes in skin and papilomatose of the respiratory tract (Burd, 2003; Gunter, 2003; Lacey et al., 2006) .
Cervical cancer is one of the most important problems determining human reproduction. Cancer of this type is second by prevalence (after breast cancer) among women worldwide (Parkin et al., 2005) . HPV is one of the most common sexually transmitted infections, which is an important risk factor determining the development of cervical cancer. This relationship is understood as causative (Cogliano et al., 2005; Gunter, 2003) . However, the majority of HPV infections are temporal for a human being and do not cause clinical consequences; 70% of new HPV infections disappear within one year, and approximately 90% pass off within two years because the immune system most often eliminates the virus from the organism. The process of cell transformation into cancerous cells is a longterm one. Cancer development might take decades or even longer in the people infected with HPV (Greenblatt, 2005; Sinal, Woods, 2005 (27.4 cases/100 thousand women). Approximately 9.4/100 thousand women are diagnosed to be ill with cancer of that localisation in the Netherlands. The mortality frequency is 3 out of 100 thousand patients (Baseman, Koutsky, 2005) . The neighbouring countries such as Poland and Latvia are also noted for high prevalence of cervical cancer. Every year 2 278 (the mortality rate is 7.8/100 thousand) women die in Poland, in Latvia this figure stands at 165 women (7.4/100 thousand) (Castellsague et al., 2007) .
The first investigations into HPV carried out in Lithuania showed that HPV infection was widely spread among the women suffering from cervical cancer (92.7%) (Gudleviciene et al., 2005) . Our earlier population investigations, having assessed 4 322 healthy individuals (males and females), showed that as much as 40% of people are carriers of the virus (Ambrasiene, Popendikyte, 2008) , and higher risk genetypes were discovered in 51% of the individuals infected with HPV . The present investigation is aimed at assessing prevalence of HPV infection among the women under investigation (women were diagnosed to be suffering from different kinds of pathology at a medical treatment institution) and women of the control group (carriers) by means of molecular methods and at assessing the prevalence of the most frequent high-risk genotypes.
MATERIALS AND METHODS
The investigation to determine HPV and identify separate HPV types has been carried out at the Faculty of Natural Sciences of Vytautas Magnus University, the Department of Biology, at the Laboratory of Molecular Ecology.
A total of 99 women took part in the investigation. The experimental group consisted of 33 women between the ages of 30 and 60 who appealed to the Institute of Oncology of Vilnius University about certain pathology of the uterus cervix. During a cytological investigation carried out at the National Pathology Centre the following flat cellular intra-epithelial lesions were determined: atypical squamous cells of undetermined significance (ASCUS) were identified in 15 women, two atypical squamous cells of undetermined significance, possible considerable atypical squamous cell intra-epithelial lesions (ASC-H), 9 insignificant low-grade squamous intraepithelial lesions (LSIL), four high grade cervical squamous intraepithelial lesions (HSIL), the degree of lesions was not made more exact (dysplasia) in 3 women. The control group consisted of 66 women between the ages of 16 and 55 whose samples were obtained from the private laboratory.
Samples to detect HPV and its types were taken with a sterile brush swab from the cervix and transferred to a 1.5 ml vial containing 0.5 ml of saline. The Wallach Papette broom-type device and a portable set of combined liquid media were used: a labelled Papspin vessel containing Papspin fixative (Thermo Shandon, Pittsburgh, Pennsylvania, USA). Prior to the beginning of the investigation the samples were stored at +2° -+8 °C temperature. Later the samples contained in 1.5 ml vials were delivered to the Laboratory of Molecular Ecology of Vytautas Magnus University.
The first stage of the investigation into HPV infection consists in DNA purification from the biological sample under investigation. To prepare DNA preparations the SORPOclean TM Genomic DNA Extraction Module (UAB SOR-PO, Lithuania) reagent kit with special microcolumns was used according to the manufacturer's recommendations.
The quality and quantity of purified DNA preparations (suitability for PCR) were assessed according to the control reaction of PCR human β-globino gene fragment using specific primers. Every PCR series was performed using the positive and negative control. Specially constructed plasmidic DNA with specific DNA fragments for the virus or its genotypes (Fermentas UAB, Lithuania) were used. DNA-free samples (an adequate amount of deionised water was poured into the reaction mixture instead of DNA) were used for the negative control.
To detect DNA of general HPV infection by means of PCR methods the reaction mixture containing 18 specific primers for different HPV genotypes was used (Gravitt et Positive samples according to HPV infection were additionally analysed seeking to detect high and low risk HPV types using SORPOline™ HPV genotyping reagent kits and methods. HPV genotypes were identified by means of multiplex PCR. Three reactions with specific primers were used: PCR HPV16 and HPV18 genotypes (457 and 322 np PCR products, respectively) were identified by means of the first multiplex, HPV31, HPV33, HPV59 genotypes (263, 398 and 215 np PCR products, respectively) were identified by means of the second multiplex PCR and the third multiplex PCR detected HPV45 and HPV6/11 genotypes (151 and 334 np PCR products, respectively).
The amplified PCR products were fractioned and analysed by means of electrophoresis in 1.5% agarosis gel stained by ethidium bromide. 15 μl of the amplified product was taken for the test. After electrophoresis, products stained with ethidium bromide were analysed in a UV transilluminator.
RESULTS AND DISCUSSION
The data on infecting women with HPV and HPV genotypes obtained during the investigation in the experimental and control groups are presented in Table 1 . A general human papillomavirus was detected in 40% of women (13) in the experimental group, whereas in the control group this figure stood at 21% of women (14) . Almost twice as many HPV cases were recorded in the experimental group as compared with those in the control group.
Having carried out investigations into HPV types, various HPV genotypes were detected in 8 out of 13 (i. e. 62%) women in the experimental group and in 5 out of 14 (36%) women in the control group. Prevalence of HPV genotypes in both groups is shown in Table 1 . By means of the multiplex polymerase chain reaction (PCR) high-risk cancer HPV16 and HPV18 types were identified (Fig. 1) . Of all genital Fig. 1 . Electrophoregram of identifying HPV16 and HPV18 genotypes by the multiplex PCR method. Paths 1 and 8 are the 50 bp molecular mark (Fermentas UAB); path 2 is the negative control; path 5 is a negative sample of HPV genotyping; path 4 is the sample under study with HPV16 genotype infection (specific 457 bp PCR product); path 3 is the sample under study infected with HPV18 (specific 322 bp DNA fragment); path 6 is the positive HPV16 control (457 bp), path 7 is the positive HPV18 control (322 bp) (Fig. 4) . By means of another multiplex PCR it was determined whether HPV31, HPV33, HPV59 genotypes were present in the sample under study. These are high-risk genotypes detected in the samples of carcinomas and dysplasias of a different degree. However, HPV31 and HPV33 genotypes are referred to as high-risk viruses of an intermediary group by some authors because they are more often found in medium or distinct dysplasias than in carcinomas. The elecrophoregram of identifying HPV31, HPV33 and HPV59 genotypes by means of the multiplex PCR method is presented in Fig. 1 . The HPV31 genotype was found in two women out of the 13 infected women in the group of patients (15%) who also had the HPV16 type. HPV31 was detected in two patients (14%) in the control group too. During the investigation HPV33 and HPV59 types were detected in none of the samples. Whereas the investigations carried out earlier in Lithuania during which prevalence of human papillomavirus and their types was studied established that the infection rate with HPV31 in the experimental group (patients suffering from cervical cancer) accounted for as little as 2.6%, in the control group this figure stood at 0.2%, and the infection rate with HPV33 accounted for 21% and 2%, respectively (Gudlevičienė et al., 2005) . In Popendikytė's investigation the distribution of genotypes was as follows: HPV31 16%, HPV33 11%, HPV59 2.9% (Popendikytė et al., 2008) and HPV31 11%, HPV33 9%, HPV59 6% (Ambrasiene, Popendikyte, 2008) (Fig. 4) . In our investigation (as in other investigations in Lithuania) the HPV18 type was not so common than the HPV31 type. Figure 3 presents the results of the PCR reaction -identification of HPV45 and HPV6/11 genotypes. Low-risk HPV6/11 types are most often related to flat warts and weak dysplasias. This type was detected in one woman in the control group (7%). It was not found in the experimental group. The HPV45 genotype is attributed to high-risk HPV and is detected in the samples of carcinomas and dysplasias of different degree. HPV45r was also detected in two women in the experimental group (15%) who were already infected with HPV16 or HPV18. It goes without saying that genotype co-infection makes clinics and prognosis of the patients more difficult. The investigations carried out by Gudlevičienė and co-authors showed that high-risk HPV45 was detected in only 1% of women (2) in the experimental and 0.2% (1) of women in the control group (Gudleviciene et al., 2005) , HPV45 in 7.5%, HPV45 in 2%, and HPV6/11 in 7% (Popendikytė et al., 2008) (Fig. 4) . Constant oncogenic HPV types help change the cells and cause changes due to which cervical cancer might develop. High-risk genotypes have been identified in 8 out of 13 patients (62%) in the experimental group (Table 1) . As many as two high-risk genotypes have been identified in four women in this group (HPV16 and HPV31 in two women and HPV16 and HPV45, HPV18 and HPV45 in others), and one high-risk genotype was identified in four women. These types are attributed to high risk HPV, which are related to skin or epithelium dysplasia if a great degree or the development of HPV-related cervical cancer or cancer of other organs. Oncogenic genotypes HPV16, HPV31 and low-risk HPV6/11 have been identified in five out of 14 (36%) women in the control group. 29% (n = 4) of high-risk HPV16 14%, HPV31 14%, and one low-risk genotype HPV6/11 7% have been determined. More oncogentic types of HPV (HPV16, HPV18, HPV31, HPV45) were identified in the experimental group than in the control group (HPV16, HPV31 and HPV6/11).
Summing-up
The investigation carried out showed that general human papillomavirus was identified in 13 out of 33 (40%) women in the experimental group, and in 14 out of 66 (21%) women in the control group. More than 30% of the women that were studied and had general HPV were infected with the HPV16 type. As compared with other European countries, according to HPV prevalence, neighbouring Latvia (60.6%) and Slovenia (64.9%) are in the lead (Silins et al., 2004; Jancar et al., 2009) . Results obtained in Poland (33%) are similar to the results obtained during this investigation (Bardin et al., 2008) . The HPV18 type has been identified in women (7%) in the experimental group, whereas in the control group this type has not been detected. Prevalence of the HPV18 genotype is similar in all the countries, from 6.4% (Poland) to 12.2% (Slovenia) (Bardin et al., 2008; Jancar et al., 2009 ). The greatest prevalence of other high-risk genotypes (HPV31 and 45), however, has been recorded in our country, 15 and 7%, respectively, whereas in Slovenia this figure stands at 3.6 and 4.1% (Jancar et al., 2009 ). HPV33 and HPV59 types have not been detected in either sample. Contrary to the control group, as many as two HPV genotypes have been identified in the women in the experimental group who were infected with HPV, which makes clinics more difficult and increases the risk of contracting cervical cancer. Also, the women who are infected with one of HPV types (for example, HPV31 or HPV45), most often also have the HPV16 type. Only one of all the studied women was infected with the HPV6/11 type, which accounts for 4% of low-risk HPV cases.
The investigations carried out into HPV prevalence show that apart from the most aggressive 16 and 18 HPV types, other high-risk types have been identified not only in the experimental group but also among the virus carriers. Hence, identification of HPV virus and its types is of great importance not only to early diagnostics and prevention of oncological diseases but also to studies of clinical symptoms of HPV infection, epidemiology, and the evaluation of effectiveness of HPV vaccines.
CONCLUSIONS
1. It has been established during the investigation that 40% of women in the experimental group and 21% of women in the control group were infected with HPV.
2. It has been established that the HPV16 type prevails among the women infected with HPV. The HPV31 genotype is second by prevalence in both groups, which has been identified in 15% of women.
